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ABSTRACT : PURPOSE: To form a silicon thermal oxide film which ensures a longer life time and less 
amount of defects of silicon substrate by executing the final etching of the silicon substrate 
cleaning process with hydrofluoric acid and tt^fifpaitgr-intrnrttirtng fh*^' slliron siihstrate into 
aixele<5t?oaiC33ziiace:undeii^^ is reduced with n Itrogen or 

InScPve-gas. 

CONSTITUTION: The wafer surface is changed to the hydrophobic state by processing a 
9^wa^6^^^after^;teanTng^h■e~Ba^face'thereof witl^^ 

peroxidacwaterrh^drochlorlc acid, aquecMjs-soiutk>i:uoUiydragen_pgiW(i^^ 
Sf^^^^ePwh^S^iipfac^ then introduced into an 

electronic furnace under the atmosphere where oxygen is reduced by nitrogen or inactive 
gas. The SI thermal oxide film is formed by heating the Si wafer. In this case, it is 
prevented that air outside the quartz tube flows into the quartz tube by adjusting flow rate 
of gas in the quartz tube of the electric furnace, flow rate of gas in the quartz tube near the 
furnace and exhaust rate. Thereby, a purified thermal oxide film is formed on the silicon 
substrate and life time of the silicon substrate can be improved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] this invention can apply a pure silicon oxide to LSI manufacturing process about the technique of 
forming by the oxidizing [ thermally ] method on a silicon substrate (silicon wafer). 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the irruption air from the electric furnace exterior is reduced, and It 
oxidizes in the pure ambient atmosphere, on the silicon wafer before oxidization In order for the impurity contamination 
included in the chemical used for pre-washing not to remain, By already beginning to form a thermal oxidation layer at the 
time of a boat insertion until a wafer front face is kept hydrophobic in the final process of pre-washing, and a temperature up 
is carried out within an electric furnace and oxidization starts, and a temperature up By taking the process which prevents the 
dry area on the front face of silicon, a pure thermal oxidation layer is formed on a silicon substrate, and the life time of a 
silicon substrate improves, and a degradation of a silicon-substrate property can be prevented. 

[0032] If this invention is applied to the method of oxidizing LSI thermally, since the defect of a thermal oxidation layer can 
be reduced and impurity mixing can be reduced, enhancement in a device property and enhancement in the yield of LSI can 
be performed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing with which an explanation of this invention is presented and in which showing the nitrogen gas flow 
rate dependency in a quartz tube. 

[Drawing 2] It is drawing with which an explanation of this invention is presented and in which showing the nitrogen gas flow 
rate dependency for air curtains. 

[Drawing 3] It is drawing with which an explanation of this invention is presented and in which showing a scavenger ****** 
dependency. 

[Drawing 41 It is drawing with which an explanation of this invention is presented and in which showing 3 step nitrogen gas 
flow rate dependency. 

[Drawing 51 It is drawing with which an explanation of this invention is presented and in which showing 3 step nitrogen gas 
and an air curtain quantity-of-gas-flow dependency. 

[Drawing 61 It is drawing with which an explanation of this invention is presented and in which showing 3 step nitrogen gas 
and an air curtain quantity-of-gas-flow dependency. 

[Drawing 71 It is drawing with which an explanation of this invention is presented and in which showing a boat speed 
dependency. 

[Drawing 81 It is drawing with which an explanation of this invention is presented and in which showing the amount 
temperature dependence of airstream ON. 

[Drawing 9] It is drawing with which an explanation of this invention is presented and in which showing dry oxidization and 
the relation of a life time. 

[Drawing 10] It is drawing with which an explanation of this invention is presented and in which showing dry oxidization and 
the relation (hydrogen annealing owner **) of a life time. 

[Drawmg 1 11 It is drawing with which an explanation of this invention is presented and in which showing wet oxidization and 
the relation of a life time. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention can apply a pure silicon oxide to LSI manufacturing process about the technique of forming 

by the oxidizing [ thermally ] method on a silicon substrate (silicon wafer). 

[0002] 

[Description of the Prior Art] In the manufacturing process of LSI, the thermal oxidation and annealing using the electric furnace 
are used abundantly to the silicon wafer. In that case, for the pollution control of a silicon wafer, the quartz tube of a high grade 
and the quartz boat for wafer loading are used, nitrogen, oxygen, and hydrogen of a high grade which were refined are used, and 
annealing and thermal oxidation are performed. Thus, membraneous quality of the thermal oxidation layer which flowed easily 
and in large quantities in the quartz tube for the ground which the air by which it is not refmed besides the quartz tube in the case 
of the horizontal-type electric furnace currently used usually widely in spite of paying extraordinary attention to purity, such as a 
component of an electric furnace, and also carrying out management describes below, became die cause of contamination of a 
silicon wafer or was formed on the silicon wafer is affected. 

[0003] The path in which air flows in a quartz tube has only a throat side. A gas inlet side is connected from a gas-purification 
machine for stainless steel nature SUS piping to the splice to a quartz tube, and a splice is a product made from Teflon, sealing 
nature is kept good by each, and air cannot flow. In a throat side, in a usual horizontal-type electric furnace, air enters conversely 
from the gas outlet established in the quartz cap by a quartz cap being opened when a wafer goes a quartz tube in and out even 
when that air enters in large quantities in a quartz tube **** or a wafer entered in a quartz tube and the quartz cap had closed. 
The grade of an inflow of this air is determined by ****** of the scavenger who consists of a quantity of gas flow which flows the 
inside of a quartz tube, and an exhaust port prepared near the throat, the degree of sealing of the quartz cap of a quartz tube, the 
sealing nature of the lid made from SUS in a scavenger's outside (it is hereafter called SUS plate), etc. 
[0004] The trouble produced by using a scavenger and SUS plate is described below. 

[0005] A scavenger's purpose is for throwing away into a scavenger a lot of heating values which come out from a quartz mbe in 
order to exhaust, after making enough into low concentration the gas which comes out not only from mere exhaust air of the gas 
which comes out from the throat of a quartz tube but from a quartz tube and changing it into the safe status, diluting with a lot of 
air, without throwing away into an end station side, in order for the temperature by the side of the end station of kiln not to go up 
beyond the need. If temperature of kiln is made high 1000 degrees C or more and the heating value from kiln is thrown away into 
an end station side, equipment or its part of receipts-and-payments-related quartz boat in an end station side will become an 
elevated temperature, and it will become the origin of the trouble on employment of equipment by thermal deformation etc. For 
this reason, a scavenger's ****** is not made not much small, but takes a margin, and is taken. [ sufiicienUy large ] And although 
****** adjustment of a scavenger is controllable by opening-and-closing angle adjustment of a shutter, a high control or a high 
stability, and repeatability are not expectable. 

[0006] In order to cover the thermolysis from the above-mentioned quartz tube on the outside of the scavenger by the side of a 
throat, SUS plate is usually used for the safety of a throat side area when hydrogen-explosion accident occurs, when using 
hydrogen by the hydrogen-burning method etc. SUS plate is also closed, when a wafer carries out the completion of an insertion 
into a quartz tube and a quartz cap closes. Although it will balance in flow rate if the quantity of gas flow which comes out from a 
quartz tube as the style [ a scavenger ] of ** is equal when SITS plate changes into the sealing status completely, for the 
above-mentioned ground, the law of a scavenger's ****** is far large, therefore near the outside of the gas outlet of a quartz tube 
will be in the negative pressure status, and a scavenger's air flows in into a quartz tube. 

[0007] It does not have general structure, although the structure leaned to the bottom of the slant by the side of die throat of a 
quartz tube and the structure which established the nitrogen-purge room in the throat are devised in order to prevent an inflow of 
the air of **** outside a quartz tube conventionally. Moreover, in order to prevent these faults recently, the vertical-mold kiln 
with a loading lock is being introduced, and the number of use is extended quickly. However, there is no change in the 
horizontal-type electric fiimace which spread widely and had still generally been used in the past being in use in a production line. 
When a wafer goes in and out from kiln in a hot temperature field especially from 1000 degrees C, since the horizontal-type 
electric furnace has the advantage that distortion seldom goes into a wafer compared with a vertical-mold electric furnace since 
change of temperature is loose, it is not in the status immediately transposed to a vertical-mold electric furnace extensively. 
[0008] Although a quartz tube, a quartz boat, gas, etc. were made into the extraordinary high grade, the conditions which reduce 
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the time of air flowing easily in a quartz tube from a throat side, and making a wafer pollute, or having the structure which was 
described above, and which degrades quality of an oxide film, and air flowing, and an inflow of air in a usual horizontal-type 
electric furnace were not [ like ] clear until now. A quantity of gas flow is determined by clarifying this. 

[0009] After deciding the above-mentioned quantity of gas flow, it is necessary to decide the type of gas when inserting a wafer in 
an electric furnace, and the conditions of pre-washing to be the formation technique of a silicon thermal oxidation layer If this 
does not evaluate the property of the silicon thermal oxidation layer containing the property of a silicon substrate, it is not decided. 
As a conventional appraisal method, the isolation voltage by the thickness homogeneity, the pinhole, or MOS capacitor of the 
formed oxide fihn, the trap in an oxide film, and evaluation of an interface property are performed, and, generally the technique of 
feeding back this result to the formation technique of a thermal oxidation layer was performed. However, before many man days 
feed back evaluation by MOS capacitor to making a sample to device conditions for such a reason, it will require time. Moreover, 
since the influence of an electrode process came out to MOS capacitor property, it was very difficult to make clear the level of 
fine processes, such as a type of gas when inserting a wafer in an electric furnace, and correspondence of MOS capacitor 
property. 
[0010] 

[Objects of the Invention] An inflow of the air from the exterior of a quartz tube is suppressed low, pollution mixing from the 
exterior is prevented, a thermal oxidation layer is formed in the pure ambient atmosphere, and the life time of a silicon substrate 
forms the silicon thermal oxidation layer with few defects greatly. 
[0011] 

[Example] As technique of evaluating an inflow of air, there are technique of measuring a dew-point about each location from the 
throat side in a quartz tube and the technique of measuring the oxidization thickness formed on a raise in basic wages Si wafer in 
nitrogen. By this invention, the latter technique estimated the inflow of air. After processing in the inside of the nitrogen within an 
electric furnace, if Si wafer is left in air, oxygen and the moisture in air will slick to a wafer fi^ont face in connection with the 
passage of time, and the thickness-measurement value in an ellipsometer will increase. Therefore, in the following processings, 
immediately after the wafer had come out of the electric fiimace, it measured by the ellipsometer, without keeping time. 
[00 1 2] When the flow rates of the nitrogen which passes the inside of a quartz tube are lOSLMs (a part for liter/), as the 
oxidization thickness formed on raise in basic wages Si is shown in drawing 1 , the oxide fihn of the wafer near die throat side of 
a quartz tube is about 1 80 A, falls quickly as it goes to the interior of a quartz tube, and is fallen and attached to an about 40- 50 A 
fixed thickness. There are many amounts of the air which flowed so that it was close to the throat side (it is hereafter called 
irruption air), and such thickness change shows that the air (it is hereafter called remains air) of a certain rate is mixing in the 
interior of a quartz tube. What totaled irruption air and remains air is made to call it inflow air. Since inflow air causes [ of a wafer 
or a quartz tube ] contamination, it needs to lose the oxidization thickness by irruption air or remains air. However, in drawing 1 , 
receipts and payments of a boat were 900 degrees C, and after the boat entered into the quartz tube, they carried out a temperature 
up, and stable back 1000 degree-C annealing for 60 minutes to 1000 degrees C. 

[001 3] Although it is necessary to enlarge the quantity of gas flow which passes the inside of a quartz tube 20 or more SLMs in 
order to prevent irruption air as shown in drawing 1 , if it sees in detail, it is not clear, after going into a quartz tube, when the 
boat which irruption air arose when or carried the wafer is going the quartz tube in and out. Although irruption air will disappear 
from the position of the wafer on a quartz boat as transient state until it is pushed aside by irruption air at a throat side, and it goes, 
and remains air also decreases gradually and inflow air will be driven out completely as shown in drawing 1 if the nitrogen flow 
rate in a quartz tube is increased, the status that irruption air remains is in the quartz tube of throat approach. Although it is 
necessary to increase the quantity of gas flow in a quartz tube even to a considerable amount in order to also lose this irruption air, 
by desirable technique, there is nothing in respect of the temperature homogeneity in a quartz tube, and temperature -control 
nature. Since the amount of [ by oxide-film thick evaluation of the wafer on a quartz boat ] remains air oxidizes also at the tune of 
boat receipts and payments so that it may mention later, a quantity of gas flow cannot be enlarged or it caimot be prevented only 
by the existence of an air curtain or SUS plate, either. Therefore, this invention describes only the prevention technique of 
irrupUon air. 

[00 1 4] As technique of preventing irruption air, there is technique near the gas outlet by the side of the throat of a quartz tube is 
made fiill [ technique ] of nitrogen, and this technique is usually called air curtain. In addition, even if it calls it an air curtain, not 
air but high-grade nitrogen [ finishing / refining ] is used. If the nitrogen flow rate in a quartz tube is set to 1 55SLMs and the 
nitrogen flow rate of an air curtain is made to increase as shown in drawing 2 , although it is yet inefiective in 30SLM, irruption 
air can be prevented in 50SLM. However, the step in which irruption air has occurred also in this case is not clear. Since an air 
curtain is not the technique of pouring direct nitrogen for the inside of a quartz tube in large quantities, it does not start a problem 
to the temperature homogeneity in a quartz tube. For floor space reduction, when a number tube is usually made in piles up and 
down and a horizontal-type electric fiimace also passes SOSLMs for every tube, in the case of the four step kiln of a four step pile, 
200SLMS also need to pass high-grade gas [ finishing / refining ] only with an au" curtain, and it has the fault of consuming a 
quantity of gas flow too much. 

[001 5] Next, a scavenger's ****** and the relation between SUS plate and irruption air are described. The relation between the 
existence of SUS plate and a scavenger's ****** is shown in drawing 3 . Of course, quartz caps are all level installation. When 
there is no SUS plate, there is no irruption air. The amount of irruption air increases so that irruption air arises and scavenger 
****** is made to increase, when there is an SUS plate also by the same ******. Since SUS plate is also simuUaneously closed 
when in the case of this example a quartz cap and SUS plate are connected, and move simultaneously and a quartz cap closes, the 
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eifect of SUS plate existence appears, when a quartz cap closes. If it puts in another way, in SUS ****** ^ when a quartz cap 
closes, SUS plate is also closed, near a scavenger serves as negative pressure, and it turns out that irruption air increases rapidly. 
That is, it turns out that irruption air is produced after closing a quartz cap. 

[00 1 6] in order to cany out the step which irruption air produces for whether being dawn by the technique of further others at the 
time of SUS ******, the result which divided into three steps of "time of boat insertion" ->"while boat is set in quartz tube and 
quartz cap has closed" -> (at "the time of a boat cash drawer"), and changed the quantity of gas flow is shown in drawing 4 When 
the nitrogen flow rate of three steps is changed with 20SLM->10SLM->20SLM, there is irruption air, and after a quartz cap 
closes since there is no irruption air when it changes with 10SLM->20SLM->10SLM, when there are few quantities of gas flow, 
but irruption air arises. If it puts in another way, there will be no irruption air in being decided by the size of a quantity of gas flow 
when the boat is going in and out, and a boat will mainly be determined by the quantity of gas flow after a quartz cap closes in a 
quartz tube. 

[0017] The size of the amount of the air with which the grade of irruption air flows in a quartz tube at the time of boat receipts 
and payments is also related. Though a quantity of gas flow when a boat enters and a quartz cap closes is set to 20SLMs and the 
flow rate of an air curtain is set to OSLM, as shown in drawing 5 , if the air curtain flow rate at the time of boat receipts and 
payments is increased to SOSLMs, the amount of irruption air will decrease. It turns out that how air is driven out for the direction 
which reduced the inflow of the air into the quartz tube at the time of receipts and payments of a boat after this after a quartz cap 
closes is early. Moreover, when the nitrogen of the 2nd step is set to 1 5SLMs, it turns out that there is no irruption air. In air 
curtain OSLM and nitrogen 15SLM, when the inflow grade of the air at the time of boat receipts and payments is decreased 
although there is irruption air as shown in drawing 1 , it turns out that irruption air is lost. Although there is an effect of an air 
curtain when drawing 6 sets the 2nd step to nitrogen lOSLM, it is shown that irruption air cannot be lost even if it makes the flow 
rate at the time of boat receipts and payments increase. If the 2nd step which the quartz cap closed is set to 20SLMs even if the air 
at the time of boat receipts and payments flows in a quartz tube the above result, although the air which flowed can be driven out 
At the time of 1 5SLMs, although the capacity to drive out declined, even if it could ****** by reducing the amount of the air into 
which it flows at the time of boat receipts and payments and it reduced the airstream close at the time of boat receipts and 
payments in lOSLM, when a quartz cap closes, it turns out that air enters. 

[001 8] hi the wet oxidization by the hydrogen-burning method, since the relation between the above various quantities of gas flow 
and irruption air can seldom enlarge a steam flow rate for the following grounds, it becomes important especially. If in the case of 
a hydrogen-burning method a hydrogen flow rate is increased too much in order to make the flow rate of a steam increase, since 
hydrogen flame will need become large too much, the quartz nozzle nose of cam of a hydrogen difiuser will need deform for a 
short time, it will be necessary to exchange a quartz nozzle frequently and deformation of a quartz nozzle, on the other hand, 
changes the blowdown status of hydrogen flame, influence comes out to the temperature distribution in a quartz tube. Moreover, if 
hydrogen flame becomes large too much, hydrogen flame will hit a certain location of a quartz-tube wall, that will fuse 
alternatively, and the trouble where a hole opens will be caused. In order to hold down the above-mentioned ground to a hydrogen 
flow rate from the size of hydrogen flame to 8SLMs in the case of this example and to set a sum quantity of gas flow to 1 5 or more 
SLMs on irruption air prevention, the oxygen flow rate was set to 1 1 SLMs. Consequently, in 8SLMs and an oxygen flow rate, 
within a quartz tube, 7 SLMs and a sum flow rate serve as [ a steam flow rate ] 1 5SLMs. From drawing 1 , irruption air can be 
lessened very much by setting a sum flow rate to 15SLMs. Moreover, on "02 **" conditions of the example described later, when 
it carries out to a total of 22 SLMs of nitrogen 20SLM and oxygen 22SLM and a sum quantity of gas flow when a quartz cap 
closes is set to 1 SSLMs, when setting an air curtain to 50SLMs only at the time of wafer receipts and payments, the irruption air 
at the time of wet oxidization can be prevented from drawing 5 . 

[00 1 9] Since the oxidization thickness by remains oxygen will decrease gradually as shown in drawing 7 if the 
receipts-and-payments speed of a boat is increased, it turns out that the oxide film is formed on a wafer also at the time of boat 
receipts and payments. In order to have oxidized with air and to attain the much more pure ambient atmosphere, as for this, it is 
desirable to take a boat in and out as much as possible for a short time. However, if a receipts-and-payments speed is enlarged too 
much, since the front face of a wafer, a rear face, a center, and the temperature gradient of a periphery will become large, big 
stress will be applied to a wafer and it will become easy to generate crystal defects, such as a slip, with the electric furnace of 
structure, the oxide-film formation at the time of receipts and payments cannot usually be prevented. In addition, drawing 7 is the 
example of SUS nothing. 

[0020] The oxidization thickness by remains air is formed also at the times other than the time of boat receipts and pa^Tnents. 
After a quartz cap closes since this thickness will increase greatly from 20A by about 300 A, if 1 100 degrees C of the heat 
treatment temperature in the 2nd step are made high from 800 degrees C as shown in drawing 8 , it turns out that the remains air 
other than irruption air exists. At about 800 degrees C, although a not much clear change does not have an oxidization thickness 
according [ temperature ] to irruption air and remains air for a parvus reason, if it becomes about 1 100 degrees C, oxide-fihn 
thick [ by remains air / itself] will become large. Therefore, 1000 degrees C separates contribution of irruption air and remains 
air, and it is easy to evaluate them. 

[002 1] Although carried out to setting a quantity of gas flow to 1 5 or more SLMs fundamentally in the following oxidization 
conditions, and reducing irruption air as much as possible, although the quantity of gas flow which can prevent irruption air 
became clear the above result, in order to carry out much more pure oxidization conditions, it is not desirable to apply the 
conditions which can prevent irrupfion air by using an air curtain at the time of boat receipts and payments until it says. 
[0022] The wafer front-washed raise in basic wages Si immediately after purchase opening, and it changes the electric furnace 
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into the standby status during washing, and it oxidized thermally immediately, without keeping the time after washing, and it 
measured the life time by the non-contact life-time appraisal method after the oxidization end, without this also placing time. 
When removing a wafer by oxidization end, neither the chuck nor the stage is touching a wafer side only by a pincette describing 
around a wafer. Processes are only three processes of pre-washing -> thermal oxidation -> life-time measurement, and achieved 
results for a short time extremely. 

[0023] By the non-contact appraisal method by time constant measurement of the carrier injection by the infrared laser, and 
decrement of reflective microwave, the life time of a silicon substrate fixed the laser current, and measured it. By a life time 
increasing, when the specific resistance of a silicon wafer increased, although in the case of the same specific resistance the n type 
wafer of a life time is larger than p type wafer and the size difference clear to a life time was seen by the ********-mosquito, it 
fixed to the wafer of a certain ********-mosquito in this example, and p type (100) 3-5ohmcm and Oi concentration 
9-9.5x10 17cm-3 were used. Although the wafer was desirable since the influence of the fmishing status on the back did not have 
the direction of a double-sided mirror, in this example, the usual wafer of an one side mirror used by SLI manufacture was used. 
The life time measured from the front-face side is larger than the life time measured from the rear-face side about 8%. Rear face 
Si02 If it measures immediately after elimination by fluoric acid, compared with a fluoric acid dirty front, the life time measured 
from die front-face side will fall to about 60%, and the life time measured from the rear-face side will fall to about 40%. 
Moreover, rear face Si02 The variation in a life time increases and the repeatability of die removed wafer is also bad. Therefore, 
this example is a rear face Si02. It left as it was and the life time was measured from the wafer front-face side (mirror side). 
Although, as for the wafer with a large life time, the life time for a center section of a wafer becomes large uniformly, compared 
with a circumference fraction, as for a parvus wafer, the life time for a center section becomes [ a life time ] small. Here, the 
^€tttSrag&.of wafer side interior division cloth was made into the efficiency-life time. 

f [00241jn order to prevent or reduce irruption air when oxidizing a wafer, after a wafer enters in a quartz tube and closes in a 
quartz cap — the time of dry oxidization — 02 accepting it ~ coming out — the passage of the above-mentioned [ the time of 
20SLMs and wet oxidization ] ~ H2 8 - SLMs and 02 It was made 1 1 SLMs. Oxidization temperature made 800-1 100 degrees 
C and oxidization time 1 - 4 hours. As gas ambient atmosphere when inserting a wafer into an electric fiimace, the case of only 
nitrogen is carried out to calling the case of only "02 **" and oxygen "02 style" for the case of the oxygen of "02 nothing" 
nitrogen dilution. As an example, nitrogen 20SLM and "02 **" set it as mixture of nitrogen 20SLM and oxygen 2SLM, and "02 
style" set "nothing [ 02 ]" to oxygen 20SLM, and it compared these three levels. Pre-washing of thermal oxidation should let 
washing which put in the process of fluoric acid processing as "HF existence" in the process of a hydrochloric acid and ammonia 
and "hydrogen-peroxide-solution" -> rinsing -> "hydrogen-peroxide-solution" -> rinsing -> "existence of fluoric acid processing" 
-> rinsing generally known as a cleaning method of Si wafer, and let the abridged conditions be "nothing [ HF ]." In HF the 
wafer front face after pre-washing is hydrophobic. On the other hand, since nothing [ HF ] is ended by the hydrochloric acid and 
hydrogen-peroxide -solution -> pure-water washing, the wafer front face is hydrophilic. Moreover, since it checked that the 
existence of hydrogen annealing after thermal oxidation did not have influence in the measured value of a life time when dry 
oxidization and wet oxidization shake the level within the same processing, the difference by the level of the life time of the 
following examples is considered not to see change of an interface level density. 

[0025] The example of 1/60 oxidization time of dry oxidization is shown in drawing 9 . 02 A style and 02 If nothing is 
compared, although oxidization temperature of the life time is aknost the same below 1000 degrees C, at 1 100 degrees C, it is 
02. The life time of a style is on the extension wire of data 1000 degrees C or less, and there was no degradation of a life time. On 
the other hand, it is 02. At 1 100 degrees C, a life time deteriorates quickly, and nothing is 02. The differentiation with a style 
becomes very remarkable. After making a boat insertion and the temperature up to 1 100 degrees C in the ambient atmosphere of 
only nitrogen and stabilizing the temperature in 1 100 degrees C as a cause of a life-time degradation, by the time it changes to 
oxygen 20SLM, it will set at 1 100 degrees C, and it is Six Oy Nz. It is considered to be the cause that a thin layer is formed, or 
SiO witii high vapor pressure is formed, and detailed owner ** arises on a silicon front face. Actually, although a surface dry area 
is not produced to 1000 degrees C in the case of armealing only in the inside of the nitrogen of raise in basic wages Si, at 1 100 
degrees C, surface owner ** arises and the correlation with a fall of a life time can be considered. Moreover, 02 ** is 02. The 
result equivalent to a style is shown. 

[0026] HF ** has the remarkable increase in a life time to nothing [ HF ], and this inclination is the same to 1 100 degrees C as 
oxidization temperature becomes high at the oxidization temperature of 800 degrees C, although nothing [ HF ] and the life time 
of HF ♦* are almost of the same grade. The conditions of HF ** are good the above result. As the above-mentioned [ nothing / HF 
], the front face after pre-washing is a hydrophilic property, and the low-grade silicon oxide produced on Si wafer during washing 
of "ammonia and hydrogen peroxide solution" and "a hydrochloric acid and hydrogen peroxide solution" has become the fall factor 
of a life time after ending thermal oxidation. As a cause, in a low-grade oxide, although it is a high grade, the impurity contained 
in a chemical is incorporated and this is considered to be the cause of a life-time fall. Since this impurity is removed, the wafer 
with which fluoric acid processing was performed is considered that a life time increases. It is 02 from this example. It is 02 
from nothing. A life time is [ the HF ♦* ] larger than nothing [ HF ], and the style is better. 

[0027] Other examples of dry oxidization are shown in drawing 10 . Although all oxidization time is 60 minutes, hydrogen 
processing is carried out after oxidization. In the case of this example, oxidization temperature is 02 below 900 degrees C. A 
style and 02 It is 02 although it is 1000 degrees C or more although the life time of nothing is almost the same, and the case 
where there was no degradation of the life time of 02 style, and it increased rather was seen. In the case of nothing, a life time 
deteriorates quickly. 02 To the effect of a style and HF **, although this example is the same as the example of drawing 9 , the 
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points which are 1000 degrees C and each differentiation has already produced greatly differ. 

[0028] When oxidization temperature and oxidization time are changed, the oxide-film thick difference (angstrom (A) unit) of HF 
** and HF nothing is almost the same as shown below. In order to clarify a significant difference more since the variation in the 
measured value of a life time itself is large from the first, although a significant difference clear to the measured value of a life 
time is seen even if it oxidizes the level of HF ** and HF nothing separately, the wafer of HF ** and FH nothing was put on the 
slot which adjoins each other within the same boat by turns, and it oxidized simultaneously, and checked that there was a 
significant difference clearly. 

In the case of 800-degree C oxidization temperature, oxidization time 30 minutes 60 minutes 120 minutes 240 minute oxidization 
thickness (A) +1 .04 +1.15 +0.74 In the case of 900-degree C -fO. 1 2 oxidization temperature, oxidization time 30 minutes 60 
minutes 120 minutes 240 minute oxidization thickness (A) +0.29 -0.1 1 -0.23 In the case of 1000-degree C -0.75 oxidization 
temperature, oxidization time 30 minutes 60 minutes 120 minutes 240 minute oxidization thickness (A) -0.38 +3.34 -2.25 In the 
case of 1 100-degree C -2.68 oxidization temperature, oxidization time 30 minutes 60 minutes 120 minutes 240 minute 
oxidization thickness (A) -0.35-2. 19-3.11 -2.23 [0029] 02 A style and 02 As *♦ is shown all over drawing, the life time is 
almost of the same grade. 02 A style is 02 to the homogeneity of the oxide fihn by dry oxidization since an oxide film continues 
being formed also all over boat in. The ** is more advantageous. In the above-mentioned example, all made low 100-200 degrees 
C of the temperature in kiln at the time of boat receipts and payments to oxidization temperature, and thermal oxidation took the 
technique of rising and falling temperature for them, in order to make thickness homogeneity good. For this reason, 02 style and 
02 ** and 02 Between nothing, each thickness homogeneity of a thermal oxidation layer was good, and did not have a difference. 
However, when temperature in kiln at the time of receipts and payments of a quartz boat is made identically to thermal oxidation 
temperature, or of the same grade for compaction of the processing time and a boat enters to the position in a quartz tube at the 
process of a boat insertion, the temperature by the side of the throat of a quartz tube falls most. If it sees at the temperature in the 
position of a boat, there will almost be no temperature fall by the side of the back in a quartz tube, and temperature will fall by 
several 10 degrees C by the throat side. Since a quartz fork and SiC fork enter in a quartz tube especially in the case of a 
cantilever method or a soft-landing method, the temperature fall by the side of a throat is remarkable. Since oxidization is 
continued until the temperature of the fraction which took 1 0 to 20 minutes and fell with this status rises and temperature is 
stabilized, it is 02. If substantial oxidization time or a view is changed by the near side the back side in a quartz tube in the case 
of a style, substantial oxidization temperature will differ. 02 In nothing, although this problem does not exist, there is a problem 
of defects, such as the above-mentioned surface dry area. 02 Between the temperature fall at the time of a boat insertion, and 
temperature stability, small formation of the oxide film is carried out, it accepts and comes out, and, for a certain reason, the effect 
of ** is large to oxide-fihn homogeneity. Here, it is 02. The same is said of the dilution by inert gas although the example of 
nitrogen dilution was shown as **. 

[0030] The 1000-1 100-degree C example of an experiment of wet oxidization is shown in drawing 1 1 . In consideration of the 
pollution control, hydrogen was set to 8SLMs, it set oxygen to 1 1 SLMs, and the quantity of gas flow of wet oxidization set the 
sum quantity of gas flow after a hydrogen burning to 1 5SLMs. This is based on the ground explained about the gas composition 
ratio for already preventing irruption air in a hydrogen-burning method. It is 02 like dry oxidization. Nothing is 02 at 1000 
degrees C. A style and 02 Compared with **, of the same grade, a life time is inferior, and it is 02 at 1 100 degrees C. Nodiing 
deteriorates quickly. Therefore, also in wet oxidization, you may think that it is the same as that of dry oxidization. 
[0031] 

[Effect of the Invention] According to this invention, the irruption air from the electric furnace exterior is reduced, and it oxidizes 
in the pure ambient atmosphere, on the silicon wafer before oxidization In order for the impurity contamination included in the 
chemical used for pre-washing not to remain. By afready beginning to form a thermal oxidation layer at the time of a boat 
insertion until a wafer front face is kept hydrophobic in the fmal process of pre-washing, and a temperature up is carried out 
within an electric furnace and oxidization starts, and a temperature up By taking the process which prevents the dry area on the 
front face of silicon, a pure thermal oxidation layer is formed on a silicon substrate, and the life time of a silicon substrate 
improves, and a degradation of a silicon-substrate property can be prevented. 

[0032] If this invention is apphed to the method of oxidizing LSI thermally, since the defect of a thermal oxidation layer can be 
reduced and impurity mixing can be reduced, enhancement in a device property and enhancement in the yield of LSI can be 
performed. 



[Translation done.] 



